Introduction
Recently, the numbers of researches related to the brain such as the medical treatment for brain diseases, the analysis of brain functions, and brain-machine interface (BMI) have been growing. Various kinds of neural probes have been developed to record action potentials in neuron or other brain activities for the detail analysis of brain [1] . It is strongly required the high density recording of neuronal activities for further minute brain analysis. In order to meet such requirement, we have proposed an implantable intelligent Si neural probe system which has a multifunctional property [2] - [3] . Deep brain stimulation (DBS) method is widely used as the most effective medical treatment for some movement disorders such as Parkinson's disease, dystonia, and essential tremor. However, the mechanisms of action of DBS still remain unclear, so that elucidating of stimulus location and stimulus waveform that maximize suppression of disease symptoms and minimize side effects are required [4] . Therefore, DBS requires implanting electrodes deeply into the inside of brain to accurately stimulate the selected cell of deep brain. For the effective DBS, we proposed the implantable Si neural probe in which recording electrodes and stimulus electrodes are formed densely in Si probe as shown in Figure 1 .
Fabrication of the implantable DBS neural probe
The Si neural probe for DBS was fabricated by the standard micromachining process, as shown in Figure 2 . First, SiO 2 layer was formed on a silicon wafer by thermal oxidation. Au/Cr wires were formed by spattering and wet etching methods. Dielectric layer was deposited by PECVD. Then, electrodes sites and pads for power supply were opened by reactive-ion etching (RIE). Pt and Ir electrodes were formed by spattering and lift-off processes. Finally, the shape of Si probe was fabricated by deep Si etching. Figure 3 shows the photographs of the fabricated DBS probe. The probe includes two stimulation electrodes and two recording electrodes on the same surface. Electrode diameters of the stimulus and the record electrodes were 100m and 15m, respectively. To implant the neural probe into the deep area of brain, the neural probe should be slim and thin structure. Conventionally, however, Si probes were assembled on a printed circuit board (PCB). Therefore, it has limitation to implant the probe into brain. Meanwhile, our DBS probe was connected to the outer system by flexible cables without PCB, as shown in Figure 4 . This DBS probe with flexible cable can be implanted into the deep inside of brain.
Evaluation of the implantable DBS neural probe
For highly selective stimulation with miniaturized electrode, the electrode requires low impedance and high charge injection capacity (CIC) than Pt electrode which is widely used as the stimulus electrode. IrOx has been reported to display low impedance and high CIC because of its large electrochemical surface area and redox reaction of Ir 3+ /Ir 4+ . In this work, electrochemical impedance spectroscopy (EIS) and CIC characteristics of Pt, Ir, and IrOx were measured in three-electrode cell consisting of a Ag|AgCl reference electrode, a Pt counter electrode, and Pt, Ir, and IrOx stimulus electrodes. The electrodes were immersed in phosphate buffered saline (PBS). To measure EIS, a small sine wave signal of 10 mVpp was applied. To determine CIC, current pulses were applied to the stimulus electrode and the electrode potential was spontaneously measured with the time. During the current pulsing, the electrode potential should be remain within the potential window to avoid electrode corrosion and damage of nerve tissue. CIC is the maximum injected charge that keep electrode potential within potential window. Figure 5 shows EIS plots in the frequency range of 0.1 -1000 kHz. Especially, the impedance magnitude of IrOx electrode is significantly lower than Pt and Ir electrodes in low frequencies area. Absolute phase value of IrOx electrode is also lower than the values of Pt and Ir electrodes. Figure 6 shows the comparison of CIC characteristics of Pt, Ir, and IrOx electrodes, respectively. CIC of IrOx electrode is 0.25mQ/cm 2 , which is approximately twice larger than that of Pt electrode. Obtained CIC value of IrOx electrode is comparable to other published values for IrOx [5] . To increase CIC of IrOx, it is requires to apply positive potential bias to IrOx electrode and improve fabrication process. d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 4 0 8 -4 0 9   P -1 1 -3 
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Conclusion
We developed the implantable DBS probe comprising recording electrodes and stimulus electrodes for high density recording of neural activities and selective stimulation to the neural tissue. The DBS probe was connected by flexible cable to implant into the deep inside of brain. IrOx electrode shows the most low impedance and beneficial CIC of 0.25mQ/cm 2 , which was approximately twice larger than that of Pt electrode currently used as the stimulus electrode. 
